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ABSTRACT 

In  the  case  of  vehicle  the  term  frame  means  the  part  of  automobile  that  holds  all  the  important  components  all 
these  components  constitute  together  to  from  chassis.  The  chassis  frame  have  to  be  robust  enough  to  resist  various  forces 
due  to  undulation  in  surface  of  road  or  any  other  reason.  Forces  act  on  chassis  frame  like  shock,  twist  vibration  and  also 
due  to  heavy  weight  of  chassis  fame  add  extra  stress.  Along  with  strength  the  most  important  in  frame  designing  is  to  have 
sufficient  bending  stiffness.  Natural  frequency  and  also  played  most  important  role  in  chassis  frame  the  excitation 
frequency  and  chassis  frame  frequency  never  match  otherwise  it  create  resonance  and  damage  will  incur  in  chassis  frame. 
Now  a day’s  lightweight  material  gained  popularity  worldwide  due  their  high  strength  and  less  weight. 

This  paper  present  the  static  structural  analysis  is  done  using  FEA  method,  modal  analysis  of  a chassis  frame  is 
done  do  determine  natural  frequency  and  corresponding  vibrational  mode  shapes,  and  also  design  modification  done  to 
optimize  weight  of  chassis  frame  to  perform  this  work  the  chassis  frame  designed  in  CATIAV5R19  and  analysis  is  done  in 
ANSYS14.5  .Material  used  for  chassis  frame  is  steel  52  and  carbon  epoxy  composite  material. 

KEYWORDS:  Chassis  Frame,  Composite  Material,  Design  Modification,  Finite  Element  Model,  Modal  Analysis,  Static 
Analysis,  Weight  Optimization 

INTRODUCTION 

Chassis  frame  plays  an  most  important  role  in  every  automobile  it  act  as  a skeleton  for  vehicles  almost  all  the 
important  parts  are  attached  with  chassis  frame  like  engine,  suspension  system,  steering  system,  tires,  driveline  and  also 
hold  almost  all  sprung  and  unsprung  weight  and  chassis  frame  also  heavy  in  weight  so  chassis  frame  must  be  strong 
enough  to  withstand  shock,  twist,  vibration  and  other  stresses.  Chassis  frame  consist  of  side  members  along  with  supported 
cross  member4  s,  most  important  role  of  frame  is  to  give  strength  and  stability  to  automobile  in  different  conditions. 
Automotive  chassis  s frame  helps  to  keep  up  an  automobile  rigid,  stiff  and  unbending.  Automobile  frames  basically 
manufactured  from  aluminum  and  steel  which  make  it  heavy  in  weight  and  heavy  weight  directly  effects  the  efficiency  of 
vehicle  so  now  a days  the  light  weight  material  have  gained  a world  wide  popularity  like  composite  materials  - carbon 
fiber  , epoxy  glass  etc.  The  composite  materials  have  specialty  that  they  are  lighter  in  weight  and  many  time  in  strength  as 
compare  to  conventional  steel  used  in  chassis  frame. 

Finite  element  analysis  is  the  one  of  the  mostly  used  tool  for  stress  analysis.  Finite  element  analysis  with  required 
boundary  conditions  is  used  to  determine  the  critical  regions  in  chassis  frame.  Static  analysis  has  been  done  to  determine 
the  maximum  stress  region. 
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Modal  analysis  is  done  to  determine  the  natural  frequency  and  different  mode  shapes  on  different  frequency 
modal  analysis  helps  to  study  the  vibrational  characteristics  of  a body  which  helps  in  avoiding  the  resonance,  the  outcome 
of  modal  analysis  can  be  used  as  a reference  value  to  other  analysis  like  random  analysis,  harmonic  analysis  etc.  the  main 
characteristics  of  each  mode  of  structure  can  be  figured  out  through  the  modal  analysis  and  actual  vibration’s  can  be 
anticipated. 

This  paper  also  present  weight  optimization  by  doing  design  modification  in  chassis  frame  all  the  parameter  have 
been  take  into  care  while  modifying  the  chassis  frame  parameters  like  mounting  position, 
that  design  modification  does  not  alter  the  position  of  these  parts.  Weight  reduction  helps 
also  less  emissions. 

CHASSIS  FRAME  SPECIFICATION 

Model-  EICHER  11.10 
Side  bar  cross  section^  210mmx76mm><6mm 
Number  of  side  bar=  2 
Number  of  cross  bar=  6 
Channel  = C-  channel 
Rear  overhang=  1620mm 
Front  overhangs  935mm 
Wheel  base=  3800mm 
Capacity  of  truck  =8  ton 
Weight  of  body  and  engine^  2 ton 
MATERIAL  USED 


Table  1:  Material  Properties 


SL.No. 

Properties 

Units 

Steel-52(st52) 

Carbon  Epoxy 

1. 

Density 

Kg/m3 

7850 

1500 

2. 

Young’s  Modulus 

N/mm2 

2xlOn 

1.55x10" 

3. 

Poisson  Ratio 

- 

0.3 

0.38 

bolt  position,  rivet  positions,  so 
in  improving  the  efficiency  and 


BASIC  CALCULATIONTO  FIND  OUT  THE  LOAD  ACTING  ON  FRAME 

Truck  Capacity=  8ton=  8000kg  = 78480N 

Truck  Capacity  with  over  loading  considering  1 .25%  extra  load  = 1.25%x78480  = 98100N 

Engine  and  body  weight=  2 ton=  2000Kg  = 1 9620N 

Total  load  acting  on  chassis  ffame=  98100+19620  = 1 17720N 

Load  Acting  on  single  frame  = Total  load/2=  58860N/Side  Bar 


Impact  Factor  (JCC):  3.6234 


NAAS  Rating:  2.02 
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3-D  MODEL  OF  CHASSIS  FRAME 

CATIA  V5R19  Designing  software  is  used  to  design  the  chassis  frame  3-D  model  by  using  specified  dimensions. 
Then  this  chassis  frame  model  imported  In  ANSYS  14.5  for  further  analysis  procedure.  The  3-D  model  is  shown  below 


MESHING  IN  ANSYS 

The  method  used  for  meshing  is  tetrahedrons  and  finer  meshing  is  applied  at  certain  portion.  The  number  of 
Nodes  is  171869  and  number  of  elements  is  83060.  The  distance  between  the  elements  is  trying  as  minimum  as  possible  so 
that  result  outcome  will  be  as  precise  and  possible. 


Figure  2:  Meshing  of  Chassis  Frame  in  ANSYS 
BOUNDARY  AND  LOADING  CONDITIONS 

For  this  chassis  frame  the  loading  is  assumed  to  be  uniformly  distributed  load  which  is  obtained  from  total  load 
divided  by  total  length  of  frame  .Static  load  is  acting  on  the  chassis  frame  which  is  due  to  truck  weight  and  truck  capacity 
weight.  The  total  load  acting  on  upper  area  of  chassis  frame  is  1 17720N.  Gravity  also  considered  as  a loading  factor  and  is 
considered  during  this  analysis.  There  are  total  of  seven  boundary  condition,  front  two  and  last  two  cross  member  are  fixed 
and  forces  acting  on  both  side  member  and  one  for  gravity. 
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Figure  3:  Boundary  Condition  of  Chassis  Frame  in  ANSYS 


STATIC  STRUCTURAL  ANALYSIS  USING  CONVENTIONAL  AND  COMPOSITE  MATERIAL 


Static  analysis  shows  the  portion  of  chassis  of  maximum  and  minimum  von  mess  stress  the  figures  below  shows 
the  von-misses  stress  occur  in  conventional  and  composite  material  in  chassis  frame: 


A:  Static  Structural 

Equivalent  Stress 
Type:  Equivalent  (von- 
Unit:  Pa 
Time:  1 

30-Dec- 15  6:23  PM 


— 1.7632e8  Max 

I 1.5673e8 
B 1.37L4e8 

— 1.1755e8 
U 9.7957e7 

— 7.8366e7 

— 5.8774e7 

— 3,9183e7 

— 1.9592e7 
B 71.636  Min 


0.500  1.500 


Figure  4:  Von- Misses  Stress  in  Chassis  Frame  Material  Steel-52 


C:  Static  Structural 

Equivalent  Stress 

Type:  Equivalent  (von-Mises)  Stress 
Unfc  Pa- 
Time:  1 

24-Dec-15  4:56  PM 


1.5685e8  Max 

vm 
H liJ| 

l,045fie8 
8,7L37e7 

m 

-I  umti 
-|  3.4S55e7 
g 1.7428e7 

I 24835  Min 
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Figure  5:  Von-Misses  Stress  in  Chassis  Frame  Material  Carbon/Epoxy 


The  von-  misses  generate  in  conventional  material  i.e.  steel  52  is  176.32  MPa  and  von  misses  generate  in 
carbon/epoxy  composite  material  156.85  MPa 


Impact  Factor  (JCC):  3.6234 


NAAS  Rating:  2.02 
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MODAL  ANALYSIS  OF  CHASSIS  FRAMES  USING  COMPOSITE  AND  CONVENTIONAL 
MATERIAL 

The  modal  analysis  is  one  of  the  most  basic  analysis  the  is  done  to  judge  the  dynamic  character  .Modal  analysis 
also  help  in  determining  the  natural  frequency  of  a chassis  frame  and  also  a mode  shapes  at  particular  frequency. 

Modal  analysis  is  most  important  for  the  purpose  of  avoiding  the  resonance  condition.  In  this  paper  modal 
analysis  is  carried  out  by  using  ANSYS  WORKBENCH  the  6th  order  natural  frequency  of  a chassis  frame  is  carried  out  of 
both  conventional  and  composite  material. 


Table  2:  Natural  Frequency 


Mode 

Steel  - 52 

Natural  Frequency(Hz) 

Carbon  /Epoxy 
Natural  Frequency(Hz) 

1 

42.31 

85.311 

2 

83.698 

168.76 

3 

88.69 

178.29 

4 

116.37 

227.17 

5 

112.73 

234.87 

6 

131.31 

264.84 

Mode  Shapes 


Figure  6:  Mode  Shape  1 Material  Steel-52 


A:  Modal 

mod  2 

Type:  Total  Deformation 
Frequency:  83.698  Hz 
Unit:  m 

22-Dec-15  8:18  PM 

| 0.10482  Max 

0.093177 


- 0.069883 


0,011647 


Figure  7:  Mode  Shape  2 Material  Steel-52 


www.iaset.us 


editor@iaset.us 


106 


Arc  hit  Tomar  & Dheer  Singh 


A:  Modal 

mod  3 

Type:  Total  Deformation 
Frequency:  88.69  Hz 
Unit:  m 

22-Dec-L5  8:19  PM 


S 0.12304  Max 

0.10936 
0.095694 
0.082024 
0.068353 
0.054682 
- 0,041012 
- 0,027341 
■ 0.013671 
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Figure  8:  Mode  Shape  3 Material  Steel-52 


Figure  9:  Mode  Shape  1 Material  Carbon/Epoxy 


Figure  10:  Mode  Shape  2 Material  Carbon/Epoxy 


Impact  Factor  (JCC):  3.6234 


NAAS  Rating:  2.02 
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DESIGN  MODIFICATION  AND  WEIGHT  OPTIMIZATION  OF  CHASSIS  FRAME 

CAD  Model  of  Modified  Chassis  Frame 

Chassis  frame  is  been  modified  to  optimize  the  weight  and  strength  of  chassis  frame  remains  the  same. 


Figure  12:  Modified  Chassis  Frame 

A small  hole’s  is  made  and  rear  and  front  cross  member  as  clearly  visible  in  CAD  model  .Number  of  circular 
profile  that  have  been  cut  out  is  three  in  front  and  three  in  rear  cross  member  a careful  observation  have  been  done  while 
modifying  the  chassis  frame  so  that  other  stuffs  remains  undistorted  in  this  weight  optimization  the  material  used  for 
chassis  is  carbon/epoxy  composite  material 

WEIGHT  OPTIMIZATION  TABLE 


Table  3:  Weight  Optimizing 


Chassis  Design 

Material 

Weight 

conventional 

Steel-  52 

334.31  kg 

conventional 

Carbon/epoxy 

63.910 

modified 

carbon  /epoxy 

63.208 

As  it  is  clear  from  above  table  that  it  is  possible  to  decrease  weight  by  using  composite  material  and  after 
modified  the  design  there  is  further  decrease  in  weight  .By  weight  reduction  in  chassis  frame  it  helps  in  increasing  the 
efficiency  of  an  auto  vehicle. 

CONCLUSIONS 

This  paper  has  looked  into  a static  and  dynamic  analysis  of  a chassis  frame  and  comparing  it  with  the  composite 
material  and  von-  miss’s  stress  induced  in  chassis  frame  of  composite  material  is  less  than  steel-52  chassis  frame  and 
weight  of  chassis  frame  also  reduced  which  help  in  increasing  efficiency  of  auto  vehicle.  Modal  analysis  also  helps  us  to 
look  into  natural  frequency  of  a chassis  frame  of  both  the  material  which  is  very  important  to  study  the  vibrational 
characteristic  also  take  out  natural  frequency  which  help  us  to  avoid  resonance.  Design  modification  is  done  in  chassis 
frame  to  optimize  the  weight  and  there  is  a net  reduction  in  chassis  frame  weight  due  to  design  modification. 
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